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WIRE SPOOL AND REMAINING WIRE DETECTION METHOD 
FIELD OF THE INVENTION 

The present invention relates to a device for storing wire and in particular a wire spool 
having a magnet for detecting the end of the wire as it is unspooled. 

BACKGROUND 

Devices are known that wire available to a wire-working machine, e.g. a device that 
produces wire comb binding elements for binding stacks of sheet-shaped materials. 

In such devices that fabricate workpieces or semi-finished products of wire or use 
welding wire, the wire is drawn from a wire spool. A user of such a device can frequently 
only recognize the fact that the wire is approaching the end by glancing at the wire spool. 
In some applications, these spools are either poorly accessible or there are a large number 
of spools so that it is complicated for the user to manually check the fill level of the wire 
spool. 

Visual inspection does not however, provide the user with accurate information on how 
many meters of wire still remain on the wire spool and for how many welds, workpieces 
or semi-finished products the wire will be adequate. 

Devices for detecting spooled wire typically use electrically resistive methods in which 
current is conducted through the wire by means of a contact to determine the length of the 
wire based on the resistance of the wire that can be measured in this process. These 
devices are not useful though for wire coated with plastic as is frequently used for wire 
comb binding elements. 

Other devices use optical means in order to determine the remaining quantity of wire. 
Such methods are typically susceptible to soiling and in addition require to some extent 
complicated and thus expensive optics. 
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Serious damage can occur to machinery utilizing the wire if .he w,re is a.lowed to run ou, 
while the machine is still running. Also, premature changing of .he wire spool wastes 



wire. . 



Canadian patent CA 1 270 502 discloses a magnet inserted in a spool body winch ,s m 
active relationship with a magnetic sensor .ha. is mounted outside the spool wall and ,s 
opposite the magnet once at each rotation of tire spool The magnetizing of the magnet ,s 
such that me magnetic field lines through the cable windings are guided above the 
magnet, i.e. at a right angle to .he winding direction of .he cable on .he cable drum. The 
continuous conduction of the magnetic field tines, i.e. of the magnetic flux through the 
adjacent cable windings, functions especiafly well if.be cable is no, coated. Between .he 
mag „e. and the magnet sensor, flush with .he magnet, an intermediate e.emen, ,s 
embedded in the spool body, .his elemen. being made of a ma.eria. mat has permeabtitty 
to, is lower ton to, of to cable. If no cable is now loca.ed above to magne,, to 
magnetic field lines are conduced .hrough ,his in,ermedia,e elemen, in ,he area of tine 
, magne, sensor so to, i, generates a signal. This signal correla,es with to absence o 
cable and can, therefore, be evaluated as information tot only a specified number of 
windings remain on the wire spool. 

Japanese publication IP 60015360 discloses a device for remaining wire quantity 
recognition for welding wire, which also uses a magnetic principle, fit this process, a 
,„ magnetic proximity switch and a permanent ma^e. are mourned on a movable contae, 
arm The comae, arm remains in contact, by way of an insulating element, with to w,re ; 
when wire is present a signal is caused in to magnet sensor because of to permanent 
magne, As soon as no more wire is presen,, the magne, sensor switches off so to, a 
signal is generated to indicate that only a little wire is left on to wire spool. 

25 Efforts .0 improve such sys.ems have led to continuing developments. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. la is a schematic side view of to magnetic field of to magne, when wire is present 
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Fig. lb is a schematic front view of the magnetic field of the magnet when wire is 
present. 

Fig. ic is a schematic side view of the magnetic field of the magnet when wire is absent. 

Fig. Id is a schematic front view of the magnetic field of the magnet when wire is absent. 

5 Fig. 2a is a schematic representation of the upper half of the wire spool according to the 
invention in top view. 

Fig. 2b is a schematic representation of the top half of the wire spool according to the 
invention in side view. 

Fig. 3a is an enlarged schematic detailed view of the area around the magnet in the wire 
10 spool according to the invention in a first embodiment. 

Fig. 3b is an enlarged schematic detailed view of the area around the magnet in a wire 
spool according to the invention in a second embodiment. 

Fig 4 is a schematic detailed view of the area around the magnet in the wire spool 
according to the invention with holding device for the magnet and the trailing wire end. 

15 Fig. 5a is a schematic top view of the holding device for the magnet and the trailing wire 
end. 

Fig . 5b is a schematic side view of the holding device for the magnet and the trailing wire 
end. 

Fig. 6a ts a schetnattc top view of a leadtng wire end fastening in the stde wall of the 

20 Spool. 

Fig. 6b b a schematic side view in wire direction of a leadtng wire end fastening in the 
side wall of the spool. 

Fig. 6c is an enlarged schematic side view in wtre direction of a leading wire end holding 
device in the side wall of the spool. 
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DET AILED DESCRIPTION 

Figures laand lb show the principle of shielding of magnetic field lines 11, 12 of the bar 
magnet 10 by the wire 1. The bar magnet 10 may be a bar magnet that has its magnetic 
poles at the ends of the bar and, for example, has a cylindrical shape. A cylindrical bar 
magnet with this type of magnetizing generates a more homogeneous magnetic field in 
the circumference direction in comparison to square bar magnets. The diameter of the bar 
magnet may be selected in such a way that it is three to ten times the wire diameter, e.g a 
wire diameter of 1 mm, a cylindrical bar magnet with a diameter of 5 mm. Normally the 
magnetic field extends radially in all directions, whereby the magnetic field lines 11,12 
run essentially parallel to the alignment of the bar magnet 10 but in the area where the 
magnetic field lines 12 get into the area of the ferromagnetic wire 1, the magnetic field 
lines 12 run within the wire 1 and the magnetic field is shielded on the other side of the 
wire windings of wire 1. Therefore, a reed relay 20 mounted there does not respond. A 
reed relay 20 is a switch that comprises two closely adjacent filaments 21 that pull up 
simuultaneously in the presence of a magnetic field and thereby make a circuit. However, 
other sensors such as a Hall probe can be used as a sensor for the magnetic field. 

If now as in Figures 1c and Id, wire 1 is removed from the intermediate space between 
the reed relay 20 and the bar magnet 10, i.e. unwound far enough from the spool drum 
30 that the wire windings no longer cover the bar magnet 10 or only cover it partially, the 
shielding effect of wire 1 is eliminated and reed relay 20 switches closed. 

Because of the fact that the magnetizing of the bar magnet is essentially parallel to the 
winding direction of the wire windings, a single wire winding covers a considerable area 
of the bar magnet outward. If a magnet sensor is mounted with respect to the bar magnet 
in such a way that the wire windings lie between the magnet sensor and the bar magnet, a 
considerable percentage of the magnetic field emitted from the bar magnet will be 
shielded by a single wire winding. Typically, the wire spool is rotated and in this process 
the wire is drawn off tangentially. In this case, the magnet and the magnet sensor meet 
once per revolution. The magnet sensor, e.g. a reed relay, is thus able to respond with a 
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precision ranging from one .0 two wire windings on the wire spool With a w,re spoo, 
drameter of appro*. 30 em, this corresponds to a precision of 1 to 2 meters wrre. 

Figures 2a and 2b show the relevant section of an embodiment of the wire spool 
according to the invention. In order to clarify the structure of the wire spool, only 
sections of wire 1 are shown, wire 1 is naturally looped in complete windings around the 
wire drum 30. The bar magnet 10 is fastened in a recess in the spoo. body 30, 40 so that 
Us cylinder shroud contacts the surface of the spool drum 30 as closely as possrble and 
the bar magnet 10 is a, a specrfrc distance D from one of the spoo. walls 40. The wrre 
spool is used in a device so that the magnet sensor 20 provided in this devree ,s 
essentially a. the same distance D from the spool wall 40, whereby the bar ma^e. .0 and 
magnet sensor are essentially parallel to each other and essentially parallel .0 tire wrre 
windings and essentially parallel to the magnetic field lines U, 12 along the bar magnet 

10. 

As can be seen in Fibres 3a and 3b, a double-sided adhesive tape 60 is applied above bar 
nragner 10 on the spoo. drum 30, by means of which the firs, wire windings are fastened 
on the spool drum 30, winding against winding. There are n windings between the bar 
magnet 10 and tire spool wall 40. These n windings of wire 1 remain on the spool drum 
30 after response of a magnet sensot 20 as soon as the other windings have been 
unwound again. To do tins, depending on the dimensioning of the bar magnet 10, the 
drstance from tire magnet sensor 20, magnetizing of .he bar magnet, the response 
toeshold of .he magnet sensor 20 and other influences, .here can be a few addrtronal 
windings .ha. in fac. still cover the bar magnet 1 0 bu. in spite of tins Are magnet sensor 
has already responded. However, the number of tirese additional windings can be 
calculated as soon as .he above-mentioned parameters are spcerfied and do no. conmbute 
10 rmpreeision in determining the remaining wire quantity. 

The wrre end 2 can be fastened on the spool drum 30 or .he spool wall 40 using different 
mechanisms, e.g. by a lip extending inward on. of .he spool wall 40 (Frgure 3a) or ur a 
recess witirin .he spc. wall 40 (Figure 3b). After .he fastening of .he trailing wrre end 



A03833 

-6- 



„„ the wire spoo,, winding against winding of the wire 1 are .aid down on the adhesive 
tape 60 in the fdling direction marked with arrow 3. 

Another fastening mechanism for the w,re end 2 is shown in Figure 4 In this . 

spool body 30 and the leading wire end 2 is inserted along a inset, slope 33 urto a recess 
Tin the lea of the magnet mount 50 and pressed by a spring loaded .ocking e,men , 
agatas, an angled ceiling 32 of recess 34 that is flush with the 
L- of the wire. The latching e.ement 5, forms a retainer on the tradutg ™end 2 
so that the trailing w.re end 2 tha, has jus, heen inserted cannot be removed from r^s 
34 wtihout damage. The .atching Cement 5 1 may also be provided „ one em men. 
wit h a specified breaking point that leads to damage of the locking element^ I f me 
Ling wire end is pulled out of the holding dev.ce with a specific force. The burstmg or 
Jge of the .ocking element 5, makes an audrble acoustic signal that no more w,re 1 

i o~ «w the user of a wire-processing device still has an 
is available on the wire spool so that the user oi a wi y * 

opportunity to interrupt the wire transport. The specrfled breaking point m the lockmg 
lent can also protect other machrne parts, especiafly the suspend of the wrre spool 
and possibly also its drive. 

tha is Led mto the spoo, body 30. Lockmg teeth 54 wh.ch lock wrth the spool bo y 

in 'me spoo, body 30, 40, w,ch „,herw,se wou,d lead ,0 an mtp— = g 
wire recognition. In addition, the carrier plate 53 ,s ben, to a olosmg plate 55 a, « otirer 
end, which closes the recess 34 toward the outside. 

Flg ures 6a, 6h and 6c show detatis of the fastening of the .eading wire end 4 The spool 
, 5 S 40 has, on the s.de firmed toward the user, several passages 43 are £**d 
circumference. Between the passages mere are two conical gnppmg gurdes 41 d* » 
".hie to grrp fine .ending wrre end 4 ,„ them. In fine fion, area of tire gn.mggu.des 
4, a flat threading aid 42 is provided, on the s.de of which the gnppmg gu.des come 
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wh,ch the wire must snap during Cantpmg. Because of .his, the user rece.ves a «ae„ e 

wire end 4 ean be snetched tightly and remain srraigh. so ,ha, during a wire spoo change 
a strargh. leading wire end 4 is made availab.e to .he user which can be more eas.ly 
inserted into the wire-working device. 

The present invention provides a wire spool with which a remaining wrre quantity 
aeteLnation that is as precise as possthle can be earned out with the cooperauon of an 
eternal magnet sensor, especrally with the use of coated wtre. 

Accordingly a wire spool for remaining wue recognition is provided for wire that has a 
TJL a wire end and ,s wound on the spoo, Cement in n wmdings, where y . he 
spo o, body has s,de wa„s on both sides and a spoo, drum and a magnet that ,s 
I spoo, Ldy, whereby the mstauation position of the magnet in the spoo ^ such 
tta « the magnetic fte.d hues a,„ng the magne, are arranged essennany P ara„e, ,0 me 
winding direction of the wire on the wire spool. 

The magne, is a. a distance from the spoo, wa„ such tha, a specific number of wire 
winding wiU remain on the spoo, drum as soon as all windings have been unwoun 
ow the magnet. Th,s number n of renaming windings, muhipUed by the ctrcumfe nee 
of th e wue spoo,, corresponds to exact* the renting wrre ,e„gm on < e wue spo 
Tbis information has the above-menfioned error of one ,0 two wtre wtndtngs. Howev*. 
, tbis e TO r is abso,u,e and becomes re.anve w„h increasing number n of remannng « 
windings. The contro, of a wire-working dev.ee can use this information rcgardmg th 
_i w,re .ength in order ,„ esfimate how many more workplaces or - u — 
products can be finished and can inform the user of the wire-workmg dev.ee of 
number n of the remaining wire windings can be adjusted to the apphcabon of he 

which the wire-working dev.ee uses the most w,re can s«i„ be completed. 
ln another emb„d,me„ t the firs, wutdings on the spoo, d™m he Cose to each oth* and/or 

num ber ofwne windings assumed between the magnet and the nailing wtre end ,s 
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actual.y present. The use of doubled adhesive .ape improves the winding and makes 
„ easier. In additton, the double-stded adhesive tape ensures that during unwtndtng the 

rae wire is no, .os. premahtre.y. Loose fastening is understood tn this conrext to mean 
tha , the wire windings in faet adhere to the double-stded adhesive tape, bu, w«h a force 
such tha, ,he wire can be drawn from ,he w,re spoo, effortlessly and withou, deformahon. 
,„ addition to a doub.e-stded adhesive tape, al.ema.tve fas.entng memods from the state 
of .he art are applicable which permit a corresponding loose fas.emng of the w„e 
windings. 

ta anome, embodimen. me device also comprises a magne, mount tha. can be inserted 
a„a by means of which the magnet is positioned in the wire spool, m .his way, a s.mp.e 
and economical type of assemh,y of me wire spoo, according .0 me invent™ can be 
uuplemented and, at me same time, grea, precision in me positioning of the bar magne,s 
can be ensured. 

to another embod.men, .he magne, moun. has ,a.chmg hcolcs ma, Camp .oge.her with the 
spoo. body, in this way, the magnet cannot move from its intended positton « 
lonship ,o the spool wal, durtng ronton of the wire spoo, or s,mp,y fa., on, agam. 
Because of .his, i, can especally be ensured tha, the number n of remammg wtre 
windings between bar magne, and spoo, wan actually corresponds .0 me planned number 
0 n of remaining wire windings . 
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to another embodiment, the wire spoo. has hoiding devices for a straight traihng 
and/or straigh, leading wire end. In the state of the arr, it has usuatiy on,y been possrb.e to 
dare ,o bend the halting wire end fastened on the spoo. body in order to fasten .. on the 
spool body before winding the wire spoof Also, nsnally with a spool that has been 
partially wonnd, bn, is then replaced and stored, the free leading wire end is ben, over ,n 
order to prevent the wire windtng to a. leas, partially nnwind by itself becanse of us 
interna. ,e„sion. A reason for a replacement of spools snob as dais is, for example, a 
change in wire color or o,her wire parameters withon, ,he wire spoo. havmg been 
comp,e,e.y nsed up, say dne to a change in orders. However, bending of me leadmg wtre 
end has a negative effect on tether processing if the wire spool is used agatn. The wtre- 
workmg device will generatiy not accep, any .eadrng w,re end ,ha, has been ben, over or 
ben, back, so .he nser has ,o have a ,oo. in order ,o remove me ben, leading wtre end, e.g. 
cutting pliers. When mere is a holding device for ,he leading wire end on tire spool tn 
which tire leading w,re end is no, ben,, dais is no, necessary. A stratgh, trailing wtre en 
has tire simple advance tha, <he trai.tng wire end does no, have ,o be additionally ben,. 

to anchor embodimen, ,be wire spoo. has a holding device for a straight trailing wire 
e„d whereby the ho.dmg device has a locking element ,ha, prevents the trat.mg wtre end 
from puUing on, of the holding device. Because of th,s, .« is easy to achieve a,techme», of 
the trailing w.re end after i, is stmp.y tnscrted and the following windings are stressed 
, and winding agains, winding can be wound. The opentng for insertion of the frarhng w.re 
end has an insertion diagonal in order, on one hand, to make the insertion easter «d on 
the other, ,o maintain a trading wtre end «ha« , as nnben, as possible, to an embodtmen,, 
the .ocking Cement has a spectfted breaking pom, so ,ha, with a certain tensron that ,s 
apphed when the wrre is removed ftom the wire spoo, and whrch exceeds the tenston for 
5 L unwindtng, the .ocking e.emen, is destroyed and ,he traUing w.re end ,s released, 
this way, me wire can be completely unwound ftom ,he wtre spool. In addttton, ,h, 
prevent the w,re-working device ftom unintentionally tearing tire wire spool on, of he 
moun, or o,her damage from occurring, say in me wire gnide. The material used for ft. 
holding device may be spring band steel or other suitable matertal. 
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In another embodiment the wire spool has holding devices for a straight leading wire end, 
whereby there are a number of holding devices present on the circumference. In this way, 
it can be ensured that only a small straight wire piece extends from the next holding 
device for the leading wire end at all times. On one hand, this has the advantage that the 
danger of injury is decreased; on the other hand, it increases the probability that the 
straight leading wire end can easily be threaded back into the wire-working device when 
the wire spool is used again and will not be damaged during storage, e.g. bent. The 
holding devices may be conical gripping guides that face forward on the spool edge, 
between which the leading wire end is gripped over a fairly long distance. In an 
embodiment, undercuts are formed between the gripping guides behind which the wire 
must snap when it is clamped. Because of this, the user receives tactile feedback of 
whether the leading wire end has been clamped securely. In addition, the clamping of the 
leading wire end can be further improved by a measure of this type. However, 
alternatively a large number of other holding device mechanisms can be used that are 
1 5 known to the person skilled in the art. 

In another embodiment, the wire spool is used in a device for flexible manufacturing of 
wire comb binding elements, whereby the wire comb binding elements are produced with 
different parameters like loop length and number of loops. It is beneficial to know 
whether there is still enough wire available for the next wire binding element to be 
produced, or not, since the wire binding elements can differ considerably in their size and 
thus in the amount of wire required. 

In addition, the inventive concept includes a method for remaining wire recognition of 

spool body with these steps: provision of a wire spool according to the 
invention, provision of a magnet sensor in active relationship with the magnet in the 
spool body; detection of an electrical signal by the magnet sensor as a response to the 
absence of wire between the magnet sensor and the magnet; signaling the remaining wire 
windings on the wire spool to higher-level electronics. 

The magnet sensor is especially a reed relay; alternatively a Hall probe or a comparable 
mechanism can be used. Because of this method, it is now possible to precisely determine 
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the remaining wire quantity on the wire spool to about one to two wire windings in a 
device that has a holding location for a wire spool according to the invention and has a 
corresponding magnet sensor. With a wire spool with a circumference of approx. 1 m, 
this means that the remaining wire quantity can be precisely detected to about 1 to 2 
meters at the moment in which the wire spool has been unwound down to n windings. A 
suitable control can determine the entire length of the remaining wire from this as soon as 
it has received the signal from the magnet sensor and can use this information to report to 
a user how many workpieces or semi-finished products can still be produced with the 
remaining wire on the wire spool. This is a remaining wire length that is in any case still 
adequate in order to complete the workpiece or semi-finished product that has been 
started to produce one or two more workpieces or semi-finished products. This is 
advantageous if the higher-level control knows how much wire the following workpieces 
or semi-finished products require, especially if the wire quantity varies from one 
workpiece or semi-finished product to the next. The higher-level control signals the user 
of the wire-working device of the approaching trailing wire end, acoustically, on a user 
interface, visually or by other mechanisms known to the person skilled in the art. 

Although the invention has been shown and described with exemplary embodiments 
thereof, it should be understood by those skilled in the art that the foregoing and various 
other changes, omissions and additions may be made therein and thereto without 
departing from the spirit and scope of the invention. For instance, other magnets, such as 
an electromagnet with appropriate energy supply may be used with the present invention. 



